IMPORTANCE Supine maternal position in the third trimester is associated with reduced uterine blood flow and increased risk of late stillbirth. As reduced uterine blood flow is also associated with fetal growth restriction, this study explored the association between the position in which pregnant women went to sleep and infant birth weight.
Introduction
Maternal supine position in late pregnancy is associated with significant hemodynamic changes that can result in a reduction in blood flow to the fetus. 1 Supine maternal going-to-sleep position has recently been found to confer an independent 2.6-fold (adjusted odds ratio [aOR], 2.63; 95% CI, 1.72-4.04) increased risk of late (Ն28 weeks' gestation) stillbirth. [2] [3] [4] [5] [6] Maternal effects of a supine position in late pregnancy include compression of the inferior vena cava 1, 7 and aorta 1, 8 leading to a reduction in maternal cardiac output, 1,7,9 a reduction in uterine artery blood flow, 10 and consequently decreased placental perfusion. 11 Fetal effects associated with supine maternal position include a redistribution of blood circulation with increased flow through the fetal middle cerebral artery 12, 13 and increased fetal quiescence, 14 suggesting fetal adaptation to mild hypoxic stress. Given that impaired utero-placental flow is associated with fetal growth restriction, 15 it is plausible that repeated exposure to supine maternal position during sleep in late pregnancy may adversely affect fetal growth.
The initial going-to-sleep position is the sleep position that women maintain for the longest duration throughout the night 16 ; therefore, going-to-sleep position is likely to have the greatest impact on blood flow to the developing fetus.
In this prespecified subgroup analysis of the control participants included in an individual participant data (IPD) meta-analysis of going-to-sleep position and risk of late pregnancy stillbirth, we hypothesized that women in the third trimester who reported going to sleep in a supine position during the previous 1 to 4 weeks would have babies with lower birth weight and birth weight centiles compared with women who did not go to sleep in a supine position.
Methods
We selected women from the control group with ongoing pregnancies from the Collaborative Individual Participant Data Meta-analysis of Sleep and Stillbirth (CRIBSS) study population. [2] [3] [4] [5] [6] This was a 1-stage meta-analysis stratified by study and site. The IPD search strategy, search results, and PRISMA checklist have been published elsewhere, 2,17 and the CRIBBS study was registered with the PROSPERO register of systematic reviews. 18 Five international case-control studies that collected data regarding maternal going-to-sleep position and late stillbirth were included in the CRIBBS IPD. [3] [4] [5] [6] 19 Ethical approval was obtained by each individual case-control study. 2 Each participant in the case-control studies provided written informed consent. Additional approval for the IPD metaanalysis was obtained from the New Zealand Health and Disability Ethics Committee; this approval applied to the study reported here. Reporting of this study followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline.
Inclusion criteria for the current study were participation in the control group in the CRIBBS IPD study (comprising control participants recruited in 4 case-control studies from 3 high-income countries, New Zealand [2 studies], 5, 6 Australia, 3 
and the United Kingdom, 4 between June 2006 and
March 2016), gestational age at birth collected in weeks and days (to allow accurate calculation of the customized and INTERGROWTH-21st birth weight centiles), gestation at study interview of 28 weeks and 0 days or more, gestation at birth less than or equal to 42 weeks and 6 days, and data available for usual going-to-sleep position up to 4 weeks before the study interview. 20 A further casecontrol study that was included in the CRIBBS IPD was excluded from the current analysis as this online survey collected gestational age in completed weeks only. 19 Individual participants were also excluded if they had missing variables required for calculation of birth weight centiles. There were no missing data for the variables included in the analyses and no imputation was therefore undertaken.
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In all studies, a detailed face-to-face interview was undertaken with participants during pregnancy.
Maternal ethnicity was included in the analyses as ethnicity has been associated with birth weight and fetal growth. [21] [22] [23] Ethnicity data were self-reported from the original studies [2] [3] [4] [5] Malaysian, and Indonesian), Maori, Pacific Islander, and other ethnicity. 17 Birth weight data were collected after birth from hospital records.
We calculated the centiles for our study population according to INTERGROWTH-21st and customized centiles using published methods. 24,25 INTERGROWTH-21st centiles are a birth weight standard derived from a low-risk birth cohort and are adjusted for gestation at birth and infant sex. 20 Customized centiles are based on a fetal growth standard and are adjusted for gestation and infant sex as well as maternal height, weight, parity, and ethnicity. 26 As adverse perinatal outcomes, including stillbirth, increase with decreasing birth weight and birth weight centiles, 27 birth weight centiles were also categorized into less than the 10th centile (small for gestational age [SGA]) and less than the 50th centile. Specifically, birth weight less than the 50th centile was included as well as SGA as per our previous analyses of CRIBBS data. 2 Furthermore, other publications have demonstrated an association with increased risk of stillbirth compared with infants with birth weight greater than the 50th centile. 2, 27 We also included data on large for gestational age (LGA), defined as birth weight greater than the 90th centile for each measure.
For this analysis, maternal going-to-sleep position was the usual position over the previous week, 5 previous 2 weeks, 3 or previous month 4,6 (whichever was longest) and varied by study.
Position was recorded as left side, right side, supine, and other (which included variable sides, prone, and propped). For the main analysis, supine was compared with nonsupine. Secondary analysis was performed using all 4 going-to-sleep positions.
Data were available on going-to-sleep position last night and last month for the same participant from 2 of the included studies. 4, 6 Changes in maternal going-to-sleep position over time were therefore investigated in sensitivity analysis using this subset of participants.
Statistical Analysis
Birth weight and birth weight centiles were compared by maternal going-to-sleep position and adjusted for infant gestational age at birth and at time of interview, infant sex, and maternal age, height, weight, parity, ethnicity, preexisting diabetes, preexisting hypertension, antepartum hemorrhage, gestational hypertensive disorder, gestational diabetes, cigarette smoking, and recreational drug use. To account for possible study differences, multivariable analyses were also adjusted for individual studies as a covariate. For continuous outcomes (birth weight and birth weight centiles), a generalized linear model was used with predicted adjusted means obtained using least-squares means. For binary outcomes (birth weight centile <10th, <50th, and >90th) logistic regression was used, stratified by study, and aORs and 95% confidence intervals were reported. The threshold for statistical significance was set at 2-tailed P < .05. Statistical analyses were performed using SAS statistical software version 9.4 (SAS Institute Inc).
Results
There were 1804 women who were controls in our CRIBBS database, of whom 1760 (97.6%; mean
[SD] age, 30.25 [5.46] years) met the eligibility criteria ( Figure) . Of these women, 57 (3.2%) reported they usually went to sleep supine during the previous 1 to 4 weeks. Demographic characteristics by maternal going-to-sleep position in control participants are reported in Table 1 . There were no differences in maternal age, body mass index, ethnicity, and educational status for those who reported going to sleep in a supine position compared with those who went to sleep in a nonsupine position. Women who were not cohabiting were more likely to report going to sleep in a supine position, as were women who had a parity of 1. Gestation at interview was on average 1 week earlier for those who reported supine going-to-sleep position (mean [SD], 35.5 [3.9] vs 36.5 [3.5] weeks' gestation; difference, −1.01 weeks; 95% CI, −1.94 to −0.08 weeks; P = .03), but mean (SD) gestation at birth was 40.0 (1.4) weeks for both groups (Table 1) .
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After adjustment for potential confounding factors, participants who reported they usually went to sleep in a supine position gave birth to infants with an adjusted mean (SE) weight of 3410 (112) g vs 3554 (98) g for participants who reported they usually went to sleep in a nonsupine position, an adjusted mean difference (aMD) of −144 g (95% CI, −253 to −36 g; P = .009) ( Table 2) . 
Discussion
In this analysis of women in their third trimester of pregnancy who participated in the control group of CRIBSS, maternal supine going-to-sleep position over the last 1 to 4 weeks was associated with a This is the first study, to our knowledge, to describe the association between supine maternal going-to-sleep position and reduced birth weight in a general obstetric population of women with ongoing pregnancies from a high-income setting. A small observational study 29 from Ghana reported an increased odds of low-birth weight infants (<2500 g) among maternal supine sleepers but did not report birth weight or birth weight centiles. The study speculated that the association between stillbirth and supine sleep may be mediated by fetal growth restriction.
There is currently no international consensus on the most appropriate way to define normal birth weight; therefore, we elected to investigate 2 commonly used birth weight centiles. For the same infant, customized centiles tend to be lower than INTERGROWTH-21st centiles. This phenomenon has previously been noted 28, 30 and relates to conceptual differences between the birth weight references: INTERGROWTH-21st is a birth weight standard derived from low-risk pregnancies, while customization is a fetal growth standard adjusted for maternal characteristics that influence birth weight. In this study, this is demonstrated by lower mean customized centile and greater numbers of infants with birth weight less than the 10th centile using customized compared with INTERGROWTH-21st centiles. Among nonsupine sleepers, 4.5% of infants were SGA and 22.6%
were LGA by the INTERGROWTH-21st standard, compared with 11.0% and 9.3%, respectively, by customized centiles. Despite low numbers of SGA infants in this study, there was a 3-fold increase in odds of SGA by INTERGROWTH-21st centiles in women who reported they usually went to sleep supine (<10th centile: aOR, 3.23; 95% CI, 1.37-7.59) and a nonsignificant increase in SGA by customized centiles. We postulate that the differences in aORs between INTERGROWTH-21st and customized centiles relate to the different location of the distribution of birth weight by each criteria.
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Strengths of this study include that it was a prespecified analysis with objective and standardized sleep data and birth weight measurements. In the original case-control studies, sleep position data were collected blinded to the hypothesis, so any bias would be nondifferential. To our knowledge, this is the largest data set assembled with robust data on maternal going-to-sleep position and birth weight. 
Limitations
We acknowledge some limitations with the study. Only a small number of women reported supine sleeping position in late pregnancy, thus limiting power to investigate outcomes in smaller groups such as SGA and LGA. The going-to-sleep position was self-reported; however, it has been demonstrated that there is good correlation between maternal short-term recall of going-to-sleep position and going-to-sleep position recorded by video technology. 16 Although sleep position changes several times during the night, women spend the longest duration in the position in which they first go to sleep. 31 Therefore, going-to-sleep position is likely to have the greatest association with fetal blood flow and subsequent associations with birth weight.
The subgroup analysis of women who had going-to-sleep data at 2 points (last night and last month) suggests that the majority of women (97.8%) maintained the same going-to sleep position over the 2 periods, signifying consistency in their exposure. It is also biologically plausible that the association of decreased maternal blood flow on birth size with supine maternal position is cumulative over time. Consequently, increased duration of supine sleeping may lead to greater reduction in birth size. We were not able to investigate this question.
Changing from a supine to a side-lying going-to-sleep position in late pregnancy is a simple intervention that can be easily adopted without known harm 32 and is applicable to all pregnant women. 2 Public health campaigns such as those recently launched in both the United Kingdom and New Zealand to encourage women in the third trimester to settle to sleep on their side have potential to optimize birth weight. 33, 34 As the public health message to go to sleep on the side in the third trimester of pregnancy is adopted, further research into the effect of supine maternal going-to-sleep position and birth size is likely to be more difficult to undertake.
Conclusions
This study found that supine maternal going-to-sleep position is associated with reduced birth size in late pregnancy. Women who reported going to sleep on their back had a clinically relevant and independent reduction in mean birth weight of 144 g, or an adjusted mean reduction of 10% in birth weight centile (customized or INTERGROWTH-21st). Public health campaigns to encourage women to go to sleep lying on their side have potential to increase birth size.
